Abstract: This paper comprises an empirical analysis of trading
Introduction
The theory of market efficiency proposes that securities prices fully reflect all available information to all market participants. It also assures that the market price mechanism acts accurately and instantaneously to the disclosure of any information. However, many empirical month, months of the year, and cultural and festive holidays. Together these findings challenge the theory of market efficiency, particularly weak-form efficiency, which suggests that superior returns are not attainable through the analysis of historical data.
One aspect of seasonality that has received rather less attention concerns other systematic patterns in the trading, settlement and clearing of securities on organised exchanges. Consider the Australian Securities Exchange (ASX). As shown in Table 1 
<TABLE 1 HERE>
However, two additional categories of days exist on the ASX that encompass restrictions in trading or settlement alone. The first category is where trading is restricted through an early close (10:00-14:15): this arises on trading days before selected public holidays and includes Easter Thursday, the last business day before Christmas and the last business day of the year. Settlement and all other business activities are undertaken normally. In this study, these are denoted as 'trading-restricted, business days' as against 'trading, business days'. The second category relates to days where trading proceeds as normal, but the clearing and settlement of securities is postponed until the next business day. Typically, this arises with public holidays in either New South Wales (Sydney) or Victoria (Melbourne) when trading closes. The presence of trading nonbusiness days results in a market where active trading occurs, though partially restricted by the absence of at least some market participants in these major financial centres, and business activities do not take place. These are referred to as 'trading, non-business days'.
The impact of a non-business day is as follows. The current arrangement for the settlement and clearing of transactions on the ASX are completed in three trading days of being executed on a fixed basis. This settlement process is referred to as the T+3 system. This means that if a trade is executed on a Monday, it will be settled on the upcoming Thursday and similarly if a trade is performed on a Wednesday it will be settled on the following Monday. A seller will need to deliver the sold securities on the third business day after the trade date and will receive their funds on the third business day. The buyer will likewise have an obligation to pay for the securities on the third business day after the trade date. However, if within the settlement period a non-business day occurs, the settlements of those securities are postponed by a day, resulting in four-day (three-business day plus one non-business day) settlement. Benefits from this fixed system, amongst other things, strengthened market efficiency according to ASX Managing
Director Richard Humphry at the time of its adoption in 1999, "The change is part of a global program to minimise counterparty risk and market exposure associated with longer settlement periods. While these risks are less significant in Australia because of the protection offered by ASX's National Guarantee Fund, it is still important for the Australian market to maintain international parity".
The purpose of this paper is to consider the impact of trading-restricted, business days and trading, non-business days on Australian market returns. Although some research in this area exists in the United States and elsewhere, Australian studies concerning the impact of these departures from usual transaction and settlement behavior are relatively unknown. Further while trading-restricted, business days approximate pre-holiday trading days in some respects (though with shorter trading days), trading, non-business days represent a novel disjunction between conventional trading and settlement activity. The remainder of the paper is structured as follows.
Section 2 provides a brief literature review. Section 3 explains the data methodology employed in the analysis. The results are dealt with in Section 4. The paper ends with some concluding remarks in the final section.
Literature review
Three aspects of the literature are relevant to this analysis. These are: (i) the settlement and clearing hypothesis, normally used to explain the day-of-the-week effect; (ii) the holiday effect, typically linked with higher pre-holiday daily returns; and (iii) the individual vs. institutional hypothesis, usually associate with purported differences in the trading behaviour of individuals and institutions and the possible impact on the pattern of daily returns.
Settlement and clearing hypothesis
The settlement and clearing hypothesis argues that the day-of-the-week effect can be linked with the differences in time between the purchase of a security and its settlement (Crouchy and Galai 1992) . In one of the earlier studies, Gibbon and Hess (1981) Clare et al. (1998) also found that the settlement and clearing of securities contributed to the weekend effect. Prior to the introduction of a new fixed settlement system, uncertainty had existed around settlement payments as sellers had up until the following Wednesday to deliver their shares. However, after the introduction of the new fixed delivery and settlement system, Clare et al. (1998) concluded that the seasonality effect found in the past had almost vanished.
In terms of cross-institutional analyses, Jaffe and Westerfield (1985) concluded that settlement procedures in the UK, Canada and Japan markets did not cause any seasonality effects, but some aspects of settlement procedure had a role to play in the Australian market. However, while
Australian settlement procedures could be linked with abnormally high returns on Friday trading day, this was not possible with the largely negative returns on the following Monday.
Conversely, Agrawal and Tandon (1994) suggested that no feasible relationship existed between seasonality effects and the settlement and clearing of securities as many financial markets had differing settlement days "…ranging from one day in France and Hong Kong, to six to fifteen days in the U.K. Thus, it is hard for differences in the settlement periods to explain the consistent negative pattern on Monday or Tuesday that we find in most countries" (Agrawal and Tandon 1994: 92) .
For example, Agrawal and Tandon (1994) provided an illustration of the potential behaviour of financial markets in the Netherlands, Japan and Sweden, all of which had a settlement period of four days. This meant that if an investor bought a security on Monday and sold the same security on Tuesday, the investor would pay for the security on Friday and receive payment for the security on the following Monday. Agrawal and Tandon (1994) suggested that since the cash payment occurs three days prior to the cash receipt, these markets should realise higher return on the Tuesday trading day to compensate for the loss of interest over the weekend. However, strong negative returns were found instead. These and other results suggest that the settlement and clearing hypothesis provides a feasible explanation for some daily return patterns in some financial markets but not in others.
Holiday effects
The holiday effect is where higher expected returns are thought to occur on trading days prior to a holiday. Given the volume of work in this area, it is instructive to first consider three early studies by Lakonishok and Smidt (1988) , Ariel (1990) and Cadsby and Ratner (1992) . To start with, Laskonishok and Smidt (1988) employed approximately ninety years of daily returns data from the DJIA to divide trading days into three distinct categories-pre-holiday, post-holiday and ordinary trading days. They concluded that the average returns of nine hundred and fifteen preholiday days was 0.22 percent, compared to a return of only -0.0017 percent on post-holidays and 0.0094 percent on all other trading days. This indicated that pre-holiday returns were more than twenty-three times larger than the ordinary trading day rate of return. Further, while preholidays only accounted for 4.2 percent of all trading days, they could be linked with approximately 50 percent of the total advances in the DJIA over the ninety-year period. Analysis of different sub-periods showed that these results appeared to be consistent, with the exception of the most-recent period (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) where the pre-holidays returns was positive but insignificant.
According to Ariel (1990) , pre-holidays displayed abnormal returns nine to fourteen times higher than other days of the week. Using Center for Research in Security Prices (CRSP) equal-and value-weighted indexes, these abnormal returns were found to be independent of the dataset employed and that they did not derive from a small number of very high returns from the period of 1963 to 1982. Ariel (1990) also provided some evidence that the pre-holiday effect was not a manifestation of other calendar anomalies, such as the January or weekend effect, that the pre-holiday volatility in returns are distinctly lower than that for non-holiday returns, and that the holiday effect occurs only on a single trading day prior to the actual holiday. Further, using intraday data, Ariel (1990) concluded that the holiday effect is effectively the result of the last hour of trading.
Finally, Cadsby and Ratner (1992) examined global markets for evidence of the holiday effect.
The aim of their study was to investigate firstly whether nine non-US markets exhibited the same pre-holiday effects seen in the US market, and secondly to test for the impact of the US holiday effect on other markets (i.e. a test for independence). The results indicated that eight countries, which shared the same holiday as a US holiday illustrated higher returns than non-holiday trading returns. Moreover, there appeared to be evidence of independencies in some markets, indicating that market integration may partially explain effects unexplained by local holidays. The main findings were that all non-European countries in the study exhibited significant local pre-holiday effects; that no European country showed evidence of a pre-holiday effect; and that Hong Kong was the only market that reflected US holiday effects. On this basis, Cadsby and Ratner (1992) noted that pre-holiday effects could depend solely on local market participation and vary with differences in neighbouring institutions and practices.
More recent work has added additional insights into the holiday effect. In their analysis of the Japanese, UK and US markets, Kim and Park (1994) initially found that it was obvious that there were significantly higher mean returns on trading days before holidays. However, post-holiday effects were found to not exhibit any irregular pattern, leading to the conclusion that holiday effects simply comprise the irregular returns seen on the last pre-holiday trading day. Kim and Park (1994) also found that smaller firms displayed higher mean pre-holiday returns than larger firms. Most importantly, Kim and Park (1994: 156) concluded:
The persistent of the holiday effect across countries suggest that the holiday effect is not driven by institutional arrangement unique to the stock market of a country. Therefore, institutional factors such as trading methods, clearing mechanism, settlement procedure and bid-ask spreads cannot be possible explanations for international evidence of the holiday effect because these institutional factors are different across countries.
Using a similar approach, Vergin and McGinnis (1999) 
Individual vs. institutional hypothesis
At least some studies have argued that the day-of-the-week effect and other forms of seasonality almost exclusively relate to the differing trading behaviour of individual and institutional investors. Much speculation exists as to which particular group is responsible: Lakonishok and Maberly (1990) and Abraham and Ikenberry (1994) , for example, directly relate seasonality to the trading behaviour of individual investors while Sias and Starks (1995) suggest that institutional investors' trading patterns are the primary cause.
Arguments supporting individual investors trading behaviour as the cause of seasonality could be the result of timely recommendations from stockbrokers (Miller 1988) , or the 'inherent psychology' of investors -such as their personal moods, perceptions and emotion (Rystrom and Benson 1989) . Other work includes Abraham and Ikenberry's (1994) suggestion that individual investors use Monday trading days to satisfy their liquidity needs flowing from the negative returns seen on the previous Friday and Lakonishok and Maberly's (1990) hypothesis that it is less costly for individuals to gather and process information on weekends than weekdays.
Conversely, Sias and Starks (1995) propose that day-of-the-week patterns in volumes and returns are largely the result of institutional investors since securities with larger institutional investor holdings exhibit greater seasonality than comparably sized securities held by individual investors.
More recently, academics have also linked the holiday effect to the behaviour and actions of individual investors. Meneu and Pardo (2004) argue that the holiday effect is attributed to increases in the average size bid orders placed by investors prior to holidays. Brockman and Michayluk (1998) and Jacobs and Levy (2000), on the other hand, have suggested that investor's psychology may play a role in the high pre-holiday returns. They argue that investors may look favourably towards the upcoming holiday and react by applying buying pressure, resulting in higher pre-holiday returns. Brooks and Kim (1997) , however, argue that both institutions and individuals are responsible for some seasonal effects as individual investors play a role through their trading patterns and institutional investors via their absence in trading. Using intraday data, Brooks and Kim (1997) found more small-sized transactions linked to individual investors and fewer large-sized orders representing institutional investors' transactions. The absence of institutional investors reduces liquidity in the market and provides evidence that both parties are accountable for the present of seasonality effects.
Empirical methodology
This study examines the impact of three trading-restricted, business days (Easter Thursday, the last business day before Christmas and the last business day of the year) and four trading, nonbusiness days (Labour Day in Victoria, the Bank Holiday in NSW, Labour Day in NSW and
Melbourne Cup Day in Victoria) on ASX returns. Additional details are included in Table 1 . As discussed, the trading-restricted, business days have the appearance of pre-holiday trading days with the exception that the trading day is 105 minutes shorter. Importantly, the trading, nonbusiness days theoretically associated with normal trading days also involve some restrictions in The daily returns for each specified index employ the logarithmic or continuously compounded formula:
where t R is the daily return, P t is the closing value of the index on day t and P t-1 is the closing value of the index on the previous day.
Two approaches are used to test for the trading-restricted, business day and trading, non-business day effects. The first employs nonparametric tests of differences in mean returns and the variance of returns. The second is a regression-based approach where: 
Empirical results
The number of observations, means, standard deviations, maximums and minimums of daily market, small-cap and large-cap returns for the trading-restricted business days, trading, nonbusiness days and trading, business days are detailed in Table 2 . Also included are distributional statistics for skewness and kurtosis. As shown, there is already some indication that the dispersion and distribution of returns vary across the various categories. For example, the mean market return on a trading business day is 0.028 percent with returns (in brackets) being higher show that these differences are relatively consistent for the first sample period, though joined by the last day of the year. However, in the post-1987 sample period only the variance for the last day before Christmas is significantly different from all other days. For small and large cap returns, the variances on the last day before Christmas are again less, but none of the other trading-restricted business days or trading non-business days exhibits any significant differences in variance.
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In terms of the daily market returns, the mean return is significantly higher on the last day before smaller capitalised stocks appear to show different patterns of significant return differences to the market as a whole and each other in some respects. One basic observation is that the last day before Christmas effect would appear to derive from large-caps, while the last day of the year effect seems to develop from small-caps.
<TABLE 4 HERE>
The estimated coefficients and standard errors for the regression equation in (2) are presented in White's heteroskedasticity tests (not shown) are used initially to test for higher-order serial correlation and heteroskedasticity in the least squares residuals, respectively. To start with, the null hypothesis of no serial correlation is rejected and we may conclude the presence of higherorder serial correlation in the residuals. Then the null hypothesis of no heteroskedasticity in the least squares residuals fails to be rejected and we conclude the presence of heteroskedasticity in the least squares residuals. Accordingly, the standard errors employ corrections for heteroskedasticity and autocorrelation of unknown form (Newey-West).
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Consistent with the finding of the non-parametric analysis, there appears to be one trading nonbusiness day and two trading-restricted business days that exert a significant impact at the market level (columns 1 and 2): namely, Melbourne Cup Day, and the last business day of the year and the last business day before Christmas Day, respectively. The magnitude of these impacts appears to be substantial. For example, based on a market capitalisation of $1,532 billion in November 2007, the trading, non-business day effects on Melbourne Cup Day adds an additional $2,742 million to market capitalisation (six times normal daily returns). The trading-restricted business day effect on the other hand adds $5,515 million on the last day before Christmas (thirteen times normal returns) and $4,565 million on the last day of the year (ten times normal returns).
Separate regressions for small-caps (columns 3 and 4) and large caps (columns 5 and 6) again
show that the market effect appears to be dominated by small caps for the last day before
Christmas and the end of the year, while large caps play a role in the Melbourne Cup Day effect and the last day before Christmas. However, the relative impact of the trading-restricted business days and trading, non-business days appears relatively small, explaining in all instances less than one percent of the variation in returns over the various sample periods.
The regressions results also suggest that these anomalies are inconsistent over time. The pre-1987 sample shows significantly higher returns on Easter Thursday, the last business day before
Christmas Day and year-end and significantly lower returns on Labour Day (VIC). However, the regression coefficients in the post-1987 sample period indicate higher returns on Melbourne Cup day and the last day before Christmas and year-end. Moreover, the share of variation accounted for by the trading-restricted, business day and trading, non-business day effects has declined. In fact, the null hypothesis of the joint insignificance of the slope coefficients fails to be rejected for the later sample period.
Concluding Remarks
The study investigates posited return anomalies associated with trading-restricted, business days and trading, non-business days on the Australian Stock Exchange. On the former, trading hours are restricted due to the proximity of the public holidays on Easter Thursday and Christmas and on the last business day of the year. On the later, trading proceeds normally, though with the removal of some market participants because of public holidays in some states, while settlement activity is postponed. Potentially, these departures from normal trading, business activity thereby comprise a combination of the pre-holiday effect known in the literature and the various settlement hypotheses. The result show strong evidence of return anomalies associated with Melbourne Cup Day, the last business day of the year and the last business day before Christmas day, and these appear to be consistent across the market, small-cap and large-cap stocks. For this reason, the analysis provides inconclusive evidence of a firm size effect, suggesting that restrictions in trading and/or settlement act almost equally upon firms.
The most puzzling aspect of this analysis is that it has been possible to identify the underlying cause of the return anomalies. In many cases, there are a number of competing hypothesises that potentially provide an explanation. Consider Melbourne Cup Day. As a non-business day, market activity may intensity and returns increase with the benefits of a delay in settlement. The results of this analysis provide some indirect support here. However, this could also be result of the market euphoria associated with Australia's premier horse race, as argued by Worthington (2007) with a behavioural finance approach. In either instance, this must be strong enough to offset the reduction in market participation with the public holiday in Victoria. Now consider the last trading days before Christmas and the end of the year. Once again, the evidence found of relatively higher returns on these days, while consistent with a pre-holiday effect lies at odds with a trading day that is nearly thirty percent shorter.
There are a number of possible future directions for research stemming from these and other limitations. One of the more important of these is the extension of the data used to include not only returns but also trading volumes, bid-ask spreads and other market information. For example, trading, non-business days are not only associated with a delay in settlement but also the potential removal of large numbers of market participants and the limited release of price and non-price sensitive company information in some states. As these days are associated with higher returns than normal trading, business days it is not known whether this result truly represents an inconsistency with the lower hypothesised level of market activity or whether broad market activity is entirely unaffected by regional holidays. Another extension would involve intra-day data. This would allow a more robust analysis of trading-restricted business days in that interest could be focused on the pattern of trades throughout the day and the role of the last few hours of trading on daily returns. Market 1958 -1987 6/01/1958 -19/10/1987 , Market 1987 -20/10/1987 -13/08/2007 are for Levene's equality of variance tests, return variances rounded to three decimal places. Significant differences in variance in bold. -31/08/2007 , Market 1958 -1987 6/01/1958 -19/10/1987 , Market 1987 -20/10/1987 -13/08/2007 are for Wilcoxon non-parametric tests of mean differences, returns rounded to three decimal places and expressed as percentages. Significant differences in mean in bold. Market 1958 -1987 6/01/1958 -19/10/1987 , Market 1987 -20/10/1987 -13/08/2007 . All standard errors include Newey-West corrections for serial correlation and/or heteroskedasticity. Asterisks indicate significance at the * -.10, ** -.05 and *** -0.01 level. F-statistic and p-value is test of the null hypothesis that all slope coefficients are jointly zero.
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